Purpose To evaluate whether laparoscopic excision of endometrioma exerts a qualitative effect on ovarian function. Methods A retrospective analysis of oocytes retrieved in 25 cycles of 21 patients undergoing IVF treatment with controlled ovarian stimulation. The number of oocytes recovered from ovaries with a history of excision of endometrioma (EOv) were compared to those from contra-lateral healthy ovaries (H-Ov) as for the analysis of a quantitative effect of surgery. As for the analysis of a qualitative effect, 55 oocytes from E-Ov were compared to 128 oocytes from H-Ov in terms of normal fertilization rate and the rate of top-quality embryos per normally fertilized eggs. Furthermore, 10 embryos derived from oocytes recovered from E-Ov were compared to 24 embryos derived from oocytes from H-Ov in terms of clinical and on-going pregnancy rates per embryos in 34 single embryo transfer cycles. Results Mean number of oocytes recovered from E-Ov was significantly smaller than that from H-Ov (2.2±2.0 vs. 5.1± 3.3, P=0.009). There was no difference between oocytes from E-Ov and H-Ov as for normal fertilization rate (63.6 % vs. 69.5 %, P=0.43) and the rate of top-quality embryos (40.0 % vs. 49.0 %, P=0.34). Clinical and on-going pregnancy rates per embryos were also similar in embryos derived from oocytes recovered from E-Ov and H-Ov (40.0 % vs. 25.0 %, P= 0.39 and 20.0 % vs. 20.8 %, P=0.96).
Introduction
Endometriosis affects up to 10 % of the women in reproductive age [1, 2] , with 17-44 % of the women with endometriosis affected by endometrioma [3] . Since the women with endometriosis are often complicated with infertility [4] [5] [6] [7] , we should especially be careful about the ovarian function in making decision of therapeutic approach.
Laparoscopic excision has been a common surgical approach for endometrioma. However, concerns have been raised recently as for the detrimental effects of excision on ovarian function. Along with the emerging role of serum anti-Müllrerian hormone (AMH) level as a marker for the quantitative aspect of ovarian function [8] , the expanding body of literature has been reporting a negative quantitative effect of excision with lower AMH levels after surgery [9, 10] . Although AMH levels are easy to measure, the reliability of AMH measured by current methods as a marker of ovarian reserve has been questioned by some authors [11, 12] . In addition, AMH levels do not necessarily reflect a quantitative effect of excision because this methodology cannot exclude a possible compensatory effect of intact gonad when the excised endometiroma is unilateral [13] . Above all, AMH levels do not provide any information on the qualitative effect of excision.
Another method to assess the ovarian function is to examine the ovarian response to controlled ovarian stimulation (COS). Especially, comparing the affected ovary and the contra-lateral healthy ovary of the same women with a history of excision of unilateral endometrioma is an efficient way to assess the effect of excision. This study design was applied to evaluate the effect of excision of endometrioma in 6 reports so far [14] [15] [16] [17] [18] [19] . Five of them reported the lower numbers of codominant follicles and/or retrieved oocytes in affected gonads, suggesting a quantitative effect of excision [15] [16] [17] [18] [19] . The fate of the retrieved oocytes, that is, a qualitative effect of excision, was assessed only in one paper by Ragni et al. [17] . They showed the fertilization rate and the rate of high quality embryos were similar in oocytes from affected and contra-lateral ovaries, suggesting that excision of endometrioma does not exert a qualitative effect. Unfortunately, as they discussed, they failed to evaluate whether each embryo achieved implantation and pregnancy, the most reliable markers for the quality of an embryo, because more than one embryos were transferred in most cases.
Current lack of the evidence regarding a qualitative effect of excision of endometrioma drove us to conduct the present study comparing the oocytes from the ovary operated for endometrioma to those from the contra-lateral healthy ovary of the same patients. In addition, we took the advantage of our routine practice of single embryo transfer (SET), which enable us to examine the fate of each embryo. The main aim of the present study was to evaluate whether the past laparoscopic excision of endometrioma affects the developmental competence of oocytes recovered from operated ovary.
Material and methods
Cases were the patients who underwent in vitro fertilization (IVF) treatment with COS from May 2010 to April 2013 in our university hospital. Inclusion criteria were as follows: i) a history of laparoscopic excision of unilateral endometrioma over 3 cm in diameter; ii) no other history of intervention for ovaries than laparoscopic surgery mentioned in section i); iii) absence of endometrioma when COS for IVF was conducted; iv) absence of severe male factor which required testicular sperm extraction (TESE). 25 cycles of 21 patients fulfilled the inclusion criteria. All the patients received COS by daily injection of hMG (150-300 IU/day; HMG TEIZO or Gonapure; ASKA Pharmaceutical Co., Tokyo, Japan) with down-regulation by GnRH agonist (Nasanyl; Pfizer Japan., Tokyo, Japan) or antagonist (Ganirest; MSD K.K., Tokyo, Japan). When the leading follicle reached 18-20 mm in diameter, ovulation was induced by a single administration of hCG (10,000 IU; HCG Mochida; Mochida Pharmaceutical Co., Tokyo, Japan). Oocytes were retrieved 34 h after hCG administration.
Oocytes recovered from ovaries with a history of excision of endometrioma (E-Ov) were compared to those from contralateral healthy ovaries (H-Ov). For the analysis of a quantitative effect of surgery, the numbers of oocytes recovered from E-Ov and H-Ov were compared. For the analysis of a qualitative effect of surgery, the oocytes from E-Ov and H-Ov were compared as for normal fertilization rate per oocytes and the rate of top-quality embryos per normally-fertilized embryos. Confirmation of normal fertilization was performed 16-18 h after insemination by appearance of two pronuclei (PN). Topquality embryos were defined as follows; i) if the embryos were transferred or frozen on day3, >/= 7 blastomeres and >/= grade II (Veeck criteria) on day 3 [20] , or ii) if the embryos were cultured until day 5 or 6, >/=grade III and >/=BB (Gardner criteria) on day 5/6 [21] . Furthermore, the embryos from E-Ov and H-Ov were compared as for clinical and on-going pregnancy rates. For this analysis, the only SET cycles were included. Thirty-four embryos were transferred so far in 34 SET cycles. Confirmation of clinical pregnancy was performed by appearance of gestational sac in uterine cavity using transvaginal ultrasonography. On-going pregnancy was defined as pregnancy successfully continued beyond 12 weeks of gestational age.
The numbers of oocytes were compared using Mann Whitney U test. Categorical data were compared using Chisquare and Fisher's exact test. Mean values are reported with the SD. P<0.05 was considered as statistically significant and all reported P values are two-sided.
Results
25 cycles of 21 patients fulfilled the criteria. Table 1 shows the characteristics of the patients and IVF cycles. Mean age of the patients was 37.0±3.4 and mean number of oocytes recovered was 7.3±4.7. There is no cycle without recovered oocytes. Mean diameter of EMoma excised was 5.0±1.2 cm. The median interval between surgery and COS was 22 (IQR 8.8-78.8) months.
To address a quantitative effect, the numbers of oocytes recovered from endometrioma-excised (E-Ov) were compared to those of healthy (H-Ov) side of ovaries. Table 2 shows the results. Mean number of oocytes recovered from E-Ov was 2.2±2.0, which was significantly smaller than that from H-Ov, 5.1±3.3 (P=0.009). Moreover, 5 E-Ov (20 % of total E-Ov) yielded no oocyte, which was higher than 5 % of H-Ov, though the difference was not significant (P=0.082).
To address a qualitative effect, the oocytes from E-Ov and H-Ov were compared as for normal fertilization rate per oocytes and the rate of top-quality embryos per normallyfertilized embryos. Results were shown in Table 3 . The oocytes recovered from E-Ov and H-Ov were same in normal fertilization rate (63.6 % vs. 69.5 %) and the rate of top-quality embryos (40.0 % vs. 49.0 %).
Next, for further analysis of a qualitative effect, clinical and on-going pregnancy rates per embryos derived from oocytes recovered from E-Ov and H-Ov were compared in 34 SET cycles. Embryos derived from oocytes recovered from E-Ov were described as E-Em and those from H-Ov as H-Em from now on. Table 4 shows the results comparing 10 E-Em and 24 H-Em. Neither clinical nor on-going pregnancy rate was different between E-Em and H-Em (40.0 % vs. 25.0 % and 20.0 % vs. 20.8 %, respectively).
Discussion
In the present study analyzing 25 IVF cycles with controlled ovarian stimulation, the number of oocytes recovered from the ovary operated for endometrioma was significantly smaller than that from contralateral healthy ovary. The rates of normal fertilization, top-quality embryos, clinical pregnancy, and ongoing pregnancy were not different between oocytes derived from endometrioma-excised and contra-lateral healthy ovary.
As for a quantitative effect of excision, our results were in line with the previous reports. As for the mechanisms by which the affected gonads yield the lower number of oocytes than contra-lateral healthy gonads, several theories have been proposed. One is the reduction in ovarian volume by simultaneous removal of normal ovarian cortex at surgery [22, 23] . Another is the reduction in vasculature due to hemostasis at surgery and/or inflammation induced by surgery [24, 25] .
As for a qualitative effect of excision, the present study showed no deleterious effect of surgery in terms of achieving fertilization, quality of embryos, and achieving pregnancy. As far as our knowledge, the present study is the first paper in English literature evaluating the final fate of each oocyte recovered from endometrioma-excised and contra-lateral healthy ovaries, that is, whether each embryo achieved implantation and pregnancy. Analyzing the results of SET cycles in the present study made it possible to evaluate the final fate of oocytes. We expected that if excision of endometrioma has effects other than the reduction in ovarian cortex, such as the reduction in vasculature, it may also affect the quality of oocytes. Oocytes derived from poorly-vascularized follicles have reported to be associated with lower developmental competence, since an inappropriate microvasculature surrounding a follicle results in hypoxic intra-follicular conditions and reduced levels of oocyte metabolism [26, 27] . However, we did not detect any qualitative effects of excision. One reason might be that the effect of surgery on ovarian vasculature may be temporal, recovering at least in part in certain period after surgery. As for the long-term quantitative effects of excision, Sugita et al. conducted the study evaluating serum AMH levels for up to 12 months after surgery, showing that AMH levels can recover to some extent in some patients [28] . If excision exerts a qualitative effect in the same way as a quantitative effect, relatively long interval (median; 22 months) between surgery and COS in the present study might explain no qualitative difference between oocytes from endometrioma-excised and healthy ovary. However, in contrast to the paper by Sugita, some authors reported no recovery from quantitative damage exerted by excision of endometrioma, though their observation period were shorter than 12 months [29, 30] . The mechanisms by which the excision of endometrioma affects the ovarian function, together with whether the effect is temporal or sustained or even progressive, remain to be elucidated. One limitation of the present study is the studied population. The present study only included patients undergoing IVF treatment. We should be careful in applying the results of the present study to all the patients with a history of laparoscopic excision of ovarian endometrioma. Another limitation is that the quality of oocytes retrieved in COS cycles was used as a surrogate marker for the quality of oocytes in whole ovary. However, given the current absence of a marker for the quality of oocytes in whole ovary, evaluating the fate of each retrieved oocyte in IVF treatment should be the best way at present to assess the qualitative aspect of ovarian function.
In conclusion, the results from the present study support the following observations: In cohort with the median interval of 22 months between surgery and IVF, (i) laparoscopic excision of ovarian endometrioma impairs the responsiveness of affected ovary to controlled ovarian stimulation, compared to the contra-lateral healthy ovary; and (ii) the quality of oocytes recovered from the ovary with a history of laparoscopic excision of endometrioma is not inferior to the quality of oocytes from contra-lateral healthy ovary.
